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314a Monday, February 27, 2012Orai1 occurs via a physical interaction with the Ca2þ sensor protein STIM1
when ER Ca2þ stores are depleted. We have recently shown (Muik et al.,
2011) that this coupling process correlates with a refolding of STIM1 into
an extended conformation by utilizing a STIM1-derived FRET sensor. Fur-
thermore, such extended conformations have been engineered by single point
mutations within the cytosolic coiled - coil domains of STIM1. Hence intra-
molecular interaction domains are likely involved in keeping STIM1 in a rest-
ing, tight state. For further investigations, a new system called ‘‘FRET -
based Interactions in Restricted Environments (FIRE)’’ was engineered for
mapping such putative domains. This new developed system revealed not
only a coiled-coil related shielding effect in the tight conformation of
STIM1, but also a change in the accessibility of certain domains within
STIM1 upon intramolecular transitions into an extended conformation.
Hence, this new FIRE represents a promising tool for dissecting STIM1
into interaction domains responsible for STIM1 conformational states. (Sup-
ported by Austrian Science Fund (FWF): P22565)
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Two defining functional features of ion channels are ion selectivity and channel
gating. Ion selectivity is generally considered an immutable property of the
open channel structure, whereas gating involves transitions between open
and closed channel states typically without changes in ion selectivity. In
store-operated Ca2þ release-activated Ca2þ (CRAC) channels, the molecular
mechanism of channel gating by the CRAC channel activator, STIM1 (stromal
interaction molecule 1) remains unknown. CRAC channels are distinguished by
an extraordinarily high Ca2þ selectivity and are instrumental in generating sus-
tained [Ca2þ]i elevations necessary for gene expression and effector function
in many eukaryotic cells. Here, we probed the central features of the STIM1
gating mechanism in the CRAC channel protein, Orai1, and identified V102,
a residue located in the extracellular region of the pore, as a candidate for
the channel gate. Mutations at V102 produced constitutively active CRAC
channels that were open even in the absence of STIM1. Although STIM1-
free V102 mutant channels were not Ca2þ-selective, their Ca2þ selectivity
was dose-dependently increased by interactions with STIM1. Similar enhance-
ment of Ca2þ selectivity also occurred in WT Orai1 channels by increasing the
number of STIM1 activation domains directly tethered to Orai1 channels. Thus,
exquisite Ca2þ selectivity is not an intrinsic property of CRAC channels, but
rather a tunable feature bestowed on otherwise non-selective Orai1 channels by
STIM1. Our results demonstrate that STIM1-mediated gating of CRAC chan-
nels occurs through an unusual mechanism wherein permeation and gating are
closely coupled.
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The essential molecular components of Ca2þ release-activated Ca2þ (CRAC)
channels are represented by the sensor protein STIM1 anchored in the endo-
plasmatic reticulum (ER) membrane and the pore-forming Orai in the plasma
membrane. Channel gating involves direct binding of the cytosolic portion of
STIM1 with both N- and C-termini of Orai channel. Recently we have reported
(Bergsmann et. al., 2011) that the first half of the N-terminal conserved region
of Orai3 is dispensable for its activation either by STIM1 or 2-aminoethoxy-
diphenyl-borate (2-APB). Here we identified that Orai1 in contrast to Orai3
requires nearly the whole conserved region for store-operated activation.
Non-functional Orai1 N-terminal truncation mutants regained partial store-
operated function upon substitution of the C-terminus by that of Orai3. More-
over we elucidated that a single point mutation in transmembrane region 1
(TM1) of Orai1 and Orai3 leads to constitutively active channels independent
of STIM1. Store-non-responsive Orai1 N-terminal truncation mutants could be
revitalized by this single point mutation in TM1. In summary, we identified
within the N-terminal conserved region distinct structural requirements for
store-operated activation of Orai1 and Orai3. Furthermore, the lack of N-termi-
nal portions essential for Orai1 function can be compensated by domains of
Orai3 or single point mutations in TM1. (supported by Austrian Science
Fund (FWF) T 466 and P22565)1599-Pos Board B369
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A major calcium influx pathway in T-cells and mast cells is mediated by
calcium-release-activated calcium (CRAC) channels that exhibit a high selec-
tivity for Ca2þ. In the event of ER store-depletion, the signal is perpetuated to
the plasma-membrane by the stromal interaction molecule STIM1. At concrete
sites, STIM1 interacts with Orai1, the pore-forming subunit of the CRAC chan-
nel to initiate Ca2þ influx. McNally et al. (2009) have shown that the architec-
ture of the Orai1 ion conduction pathway is characterized by a flexible outer
vestibule formed by the first extracellular loop, which leads to a narrow pore
flanked by residues of the first, helical transmembrane segment. Oxidative
crosslinking further reveals Orai1 tetrameric or higher oligomeric assembly
with the first transmembrane segment centrally located (Zhou et al., 2010).
In our present study we found that the flexibility of the third extracellular
loop might affect Orai1 permeation as well. Cysteine-crosslinking studies tar-
geting the third extracellular loop of Orai1 channels revealed reduced ion per-
meation. Symmetrically opposed residues within the third loop were tested for
their ability to form disulfide bonds. We could identify several residues within
the third extracelular loop that were capable of disulfide crosslinking enhanced
by copper-phenanthroline (CuP). Their disruption by the compound BMS
(bis(2-mercaptoethylsulfone)) resulted in an increase in Ca2þ currents. Hence,
we assume that decreased flexibility of the third extracellular loop of Orai chan-
nels might directly shield or allosterically affect the permeation pathway.
(supported by the Austrian Science Fund (FWF): T442 to I.F. and and
P22747 to R.S.)1600-Pos Board B370
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In non-excitable cells, NFAT transcription factors are activated in response to
store-operated Ca2þ entry (SOCE), which is triggered by depletion of endo-
plasmic reticulum (ER) Ca2þ stores. The key players in this process - STIM1,
a sensor of ER Ca2þ levels, and ORAI1, a plasma membrane Ca2þ channel -
were identified in Drosophila RNAi screens. To identify additional modulators
of STIM-ORAI Ca2þ pathway in mammalian cells, we performed three suc-
cessive RNAi screens: (i) a genome-wide RNAi screen for regulators of
NFAT nuclear translocation in response to ER store depletion with thapsigar-
gin; (ii) a high-throughput Ca2þ imaging screen in which candidates from the
first screen were assessed for effect on SOCE by using a FLEXStation III
(FLIPR); (iii) a single-cell Ca2þ analysis of all 97 candidates emerging
from the second screen. This third screen yielded 47 strong/moderate and
12 weak candidate modulators. The characterization of some of them shows
that they modulate the STIM-ORAI Ca2þ pathway by different mechanisms:
(i) controlling membrane organization of ORAI1 and thereby ORAI1 cluster
formation; (ii) disruption of STIM-ORAI co-localization; (iii) modulation of
STIM1 recruitment to the plasma membrane; (iv) possible post-translational
modification of STIM1 and/or ORAI1. In summary, these data demonstrate
that additional proteins are required for the proper formation and/or stability
of STIM-ORAI1 complex in mammalian cells.1601-Pos Board B371
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Store-operated channels (SOCs) represent a widespread route for Ca2þ entry
into the cell, the best characterized amongst them being the Ca2þ release-
activated Ca2þ (CRAC) channel. As the molecular composition of CRAC
channels has been a long standing mystery, the identification of selective
